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NATIONAL ADVISORY COMMJ3TEE FOR AXRONAU’ITCS

WlllD-TUNITELTESTS ON WXRIOUS TYPES OF DIKE -S M3UN’I!ED

IN PROXIMITY OF THE LEADING EDGE OF THE Wll?G

By Bernardino Latt=zi and Erno Bellante* .

The present report is concerned with a series of tests on a model
airplane fitted with four t~es of dive flaps of vsrious shapes, yositions,
and incidence located near the leading edge of the wing (from 5 to
20 percent of the wing chord).

flap
Tests were also made on a stub aitioil fitted with a ventral dive
(located at 8 percent of

The hinge mcments of the

the wing chord).

dive flaps were measured.

INTRODUCTION

Military necessities have forced aZmost every one of the belligerent
nations to convert some of their higjh-altitudeboniberstito dive bmbers.
The greatest difficulty encountered-in such a conversion program is the
mounting of the dive brakes on the front Spas of a completed airplane
(and consequently near the leading edge of the wing) without spoiling
the wing profile,with slotted fla~s protruding from the wing. Hence
there arises the necessity of studying the behavior of the airplane
mounting dive brakes on the frent spar of the wing in the wind tunnel.

Sometimes design considerations make it necessary to nmunt the
brake flaps on both the upper and the lower surface of the wing %ecause
the drag produced by the upper or the lower flaps alone is not sufficient
and it is not possible to increase the lateral direction dimension as
desired. The tests in the present report relate: (A) to a model airplane
of 1:lQ scde fitted with four dive brakes (two on upper~ two on lower
surface) located from 5 to 20 percent of the wing chord and (B) a
1:2-scale stub airfoil having a ventral brslm flap located at 8 percent
of the wing chord ●

*%rove Aeroyche su freni da picchiata postf In pross~ta’ del
bordo d‘entrata dare. Relazione !l!ecnicaNo. 10: Ministero dell.’
Aeronautic Direzione Superiore Studi ed Esperienze, I Divisione - Seztone
Aerodinemica, Guidon3a, December 1942.
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2 NACA TN

A. WIND-TUNNEL TESTS ON AN AEQIANE MODEL WITH VARIOUS TYPES

DJXEBRAXES IWJMTEDNEARKEEIEKOING EIKEOF

1. Dimensions end Construction of Airplane

The polished wooden model was equippd with movable
surfaces, the wing had a 1:3.42 taper ratio, with engine
originelllywas closed in front, end fitted with spinner,
was fitted with an engine without en operating propeller
it was constructed at 1:10 scale.

Its dimensions were as follows:

wing Spexl L = 2.252 m

Length z = 1.760 m .

Mean chord ~ = 0.27@k

wing area s= 0.6262 #

THE WING

Model

NO. 1161

OF

wing end tail
nacelle which
but which later
eAd air duct3

.

The dive brakes, mxnted at the upper and lower surface of each
semispsn, had the following dimensions and characteristics:

The model represented the hi@-speed CANT.Z 1018 bomber.

Bralm flares,type 1: from 8.5 to 8.24 percent of wing chord (flaps
are trapezoidal); length 20.4 percent of semispsn of wing; distance
in Tercent %etween the leading edge end the median section of the
brake flap: 4.9 percefltof the wing chord in correspondence with
the hinges situated in proxhity of the engine nscel.leexis
(internal hinges); the seinein correspondence to the external
hinges: 6.2 percent; the angle of setting between the bralm
flaps open end the wing chord: 9 m for each flap length (flap
in position A); area of each flap: 0.575 Clmz(fig. 1) ●

The tests with this t~e of flap revealed en earodynemic phenomenon
of gzwat significance from the point of view of safety in fli@t end which
was incorporated in tie other three types of flaps havtig the following
characteristics:

Bralm flaps, tycm 2: from 7.64 to 8.24 percent of the wing chord;
length: 19●53 percent of the semispen of wing; distence, in
percent, between the longitudinal exis of the brelseflap and the
leading edge: 13.5 percent and 14.5 percent of the wing chord
(respectively, corresponding to the exbermil.end internal hinges)
in the case of ~“ setting (engle between the tengent to the wing
chord at the ems of rotation md flap); 3-6.2 percent end
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17.6 percent of the wing chord at 90° setting; height of slot
comprised between flap and wing profile: 8mm in corres~ondence
to the etiernellhinge axis, 6 mm in corres~ondence to the hinge
axis with flap o en at 93° (flap in position E); flap area:

7O*55 &# (fig. 2 .

Brake flaps , t.~e ~: from 7.1 to 7.65 percent of wing chord; length:
19.53 percent of semispan of wing; distance, in percent, between
longitudinal axis of brake flap end leading edge: 17.1 percent
and 17.9 percent of wing chord in the case of @o setting;
20 percent and 20.6 percent at 90° setting; height of slot between
flap and wing profile: 10 mm in correspondence to the external
hinge axis, 8 mu in correspondence to the titernel h- axis for
flap inclined at W“ (flap in position C); flap area: 0.506 dm2
(fig. 3)*

Brake flaps, t.yve4: from 10.65 to 11.15 percent of wing chord;
length: 20.4 percent of semispan of wing; distance between
longitudinal exis of braks flap end leading edge: 16.4 percent
end 17.6 percent of the wing chord at @o setting; 20.9 percent
and 21.5 percent at X“ setting; height of slot between flaps ,
end wing profile: 10 nunin corresp~ndence to the exteraal hinge
sxis, 8- in correspondence to the internal hinge axis with flap
inclined at %0 (flap in position D), (figure 4).

Each flap had four slots of 39.2 X 4 m end two of 108 X 4 nm. The

mea of each flap (solid area only): 0.62 X 4 dm2; totel erea of each flap:
I

0.77 &; percentage of air space with respect to total flap: X2.4 percent. ‘

DuMng the tests, the flaps of t~e 2 were located in position C
(16. 8 percent end 18.2 percent for @O setting; 19.8 percent and 20.6 percent .
at ~o) and those of type 3 in position B (13.5 percent and 14.9 percent
for @o setting and

The tests were
passage by means of

16.8 percent and 17.9 percent for WO setting.

2. Test Ztrocedure

run in the 3-meter tunnel No. 5 with double return
six-component lm.bnces at @ m/s airspeed, corresponding

to en effective Re~olds nmiber of 1 61O,OOO, with-the exception of a- -
. check test at 100 m/s (R = J2,370,000 , in stages of 3° each at first,

up to mexhum lift, and after that by degrees at incidence from -60
to 5° for better recording of a phenanenon which will be described later.
The brake flaps of t~es 2 end 3 besides being
B end C were also tested in positions C and B,

The tests were run with stabilizer set at
with respect to stabilizer.&

tested in relative positions
respectively.

-10 16’ and elevator at 00
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me wdld.corrections are reproduced for the tests near -6o at C%aX
%ut disregarded in the others, since they were very nearly equal to zero.
The moments em always referred to the leading edge of the CMA. (St should
be noted that the nondimensional coefficients used.are in the Italian form

which are equal to in NACA notation

3. Test Results

The model, mounted with dive brakes closed and with flaps set at 0°~
showed a 100 C of 0.56, which is perhqs a little low with respect

‘mill
to the real value, because of the primitive construction of the model with
completely closed engine nacelJes~ and the perfect polish of the model
itselX, factors which are not negligible at Rqnolds numbers as hi~ as
those used in the test. The maxlmmu lift coefficient Cp wae 0.55, the

maximum efficiency 19.65 (fig. 5). The test on the ssm-mdel with dive
flaps fitted with cowlings and air ducts and electric motor, but without
propellers, yielded a 100 C= of 1.1.

The opening of the brake flaps of t~e 1 produces an irregular
variation of the Uft curve (fig. 6), which is reflected in the moment
cume ~ and Jeopardizes the stability of the aircraft in a very
critical.stage of flight (fig. 24).

The angle of own rises from 13° 301 to beyond 20°; its exact

value was not determined; the value of 100 Crti increases to 5.5.

Shnil.taneousopening of brakes and flaps @roved the lift curve
Cp (fig. 7) so as to remove the difficulty at a @o flap angle (fig. 8).

The hope of eliminating the phenomenon without ?naMng use of the flaps .
prcmpted a series of tests at the sngles of imcidenoe at which the phenomenon
appeared, by varybg the dimensions of the slot between the edge of the
flaps and the wing profile, as well as by closing successively the top
end bottom brabs, with the original and larger slots.

.

.

.

.

The results are reproduced in figure ~: When successively increasing
each dorsal slot by 2, 4, and 6 mm, the phsmmenon, while tending to
d~nish, still subsists (curves e,,b, c, end d) but it disappears upon

.4
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closing the dorsal brakes while leaving the ventrel brakes unaltered
(cmee]=, also, bycbstig o~theventrdbrdes. Tnthis, asin
the preceding case, the width of the slot is of negligible importance
(slots incressed k end 6 nun, curves f and g). Therefore, the phenomenon
subsists only when either the ventral or dorsal face disturbs the wing
surface, whatever the slot width (within practicel limits) between brake
flaps and wing surface.

#

With the object of eliminating the clifficulty, a proposal was mede to
adopt one of the two types of flaps 2 and 3 for testing in positions B d C.

Figures 10, U, and E? represent the compm?ison of the lift, beg, and
moment curves Cp~ Cr) and ~ corresponding to the %rake flaps of t~e 2,

in positions B and C (curves a and b) and of bralm flap, type 3, in
positions C ti B (curves c end d), always at a = 90° setting. The values
of Cp me negative end appzwdmately constsnt noting the considerable

os~illations registenxl on the balence) bstween -4° end 20; the best
solution of the four exsnined proved to be that of brake flap type 2 in
pusiticm c.

Figures 13, 1X, end 15 show the contrast between the lift, drag, smi
moment curves Cp, Cr, and % corresponding to these conditions, but
with bralm flaps set at &)” (bralm flaps, type 2, b positicms B end C,
curves a and b; brake flaps, type 3, in positions C end B, curves c
and d) o The values of Cp have a more sinuous variation in the seine

interval end assume positive values. The resultsnt greater @tability
is thezefore attributable solely to the incidence of the flaps with
respect to the wind, provided that the effect due to a variation in slot
height which in this case (G = 60°) is negligible with respect to the
other.

The condition of the type 2 flaps, position B (m = 63°), was also
tested throughout the range of -60 to 50 at 100 m/s elrspeed in order to
verify that the higjherspeed did not introduce some new phenomenon
(curve e). The slight divergences in the more criticel distance are,
mmeover, imputable to the difficulty h reading the belences at such
speeds.

A very noteworthy improvement is ha- a little dr reach the pert
of the wing situated sft of the brake flaps. The flaps of type 3 were
perforated as shown in figure 3 A, by mesns of two rows of holes gradually
decreasing in diemeter from 5 to 3 mu, with the axis inclined,at 20° to
the horizontal passing through the upper eye of the flap. The fU (or.
cslid) area is 0.4566 dm2; the psrcentsge of air space with respect to the
flap area is 9.76 percent.

I

b figUIWS 16, 17, @ 18, the curves for Cp, Crj ti Cm are shown
●

for the perforated flaps, t~e 3, situated in position C at angles of &o,
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90°, and 110° (curves a, b, and c) and imposition B at sngles of @o, ~“, .
and 110° (curves a, %, end c) and in position B at @e of $K)o(curve d).
An irregular veriation is again noted sa-oundzero lift on the flaps at &)”
(position C); it ceases as the an@e increases. The best condition (c-e .) .
is referred to the angle of 11.OO; in this case, the value 100 Cm = 4.4
is obtained, which is, however, a little low.

For the airplane in question, It was, therefore, more mitable to use
the petiorated flaps of type 3 in position C, at 900 mg.le, ~presented
in figures 19 mil 20, where the curves of Cp) @~ @ Cm are shown plotted
for the renge of -6° to 22° ticidence. Fram it follows a Cmn value

of 4.74 for an angle of around 0° and a C~ vslue of about 47 at 21°,

obtained after a drop in lift at en incidence of 16° 30t (lQO Cp = 43).

With the object of obtaining a more efficient braking action, a test
was therefore made on lrake flap, t~e 4, which was larger them the others,
as al-red-yindicated. Figures 21,”22, end 23 represent its lift, drag, and
moment curves for two ~ositions of opening, 60° end ~“ (curves a and b).
The irregular mu’iation near zero lift is still evident at 69°, but has
@st disappewed entirely at 90° angle. The maximum lift which follows
at alout O.~1 for the two brake settings has a smeller gradient than the
perforated.flap of type 3. The 100 Crti is 5.13 mi 5.7, respec~ively.

The subsequent talle gives the velues af the moment grsdient referred

to the lift
d%
—, corresponding to 100 Cp = 25 and the ratios
dCp

100 ZICr

total area of flaps

.

.

.

lG2 lCr

solid area of flaps

for the principsl conditions of the test.

.

*
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100 ACr
Area of

100 ACr
d% 100

conditions
100

4 ff’13,
q Cr~ ACr Area of Solid area

4 flaps of flaps

Br~t;yl:s:d 0.382 0.86

me 1, brake
flaps open – 0.52 5.5 4.64 2.3 2.01 2.01
slots closed

me 1, brake
flaps open - 0.414 5.8 4.94 2.3 2.15 2.15
slots at 30°

&pe 1, brake
flaps open – 0.424 6.5 5.64 2.3 2.45 2.45
slots at 600

Type 3, per-
forations,

(2)
0.46 -4.74 3.& :.C$5 1.92 2*Eslots 90”,

position C *

vyne;,6:&ot B (1)
(2)

0.520 5.13 4n-J3 :“$ ,1o31 1.63
.

T~e 4, slots (1)
(2)

0.520 5.58 ~o~ 3*O8open 90° 1.45 . 1.81
2.48

i
(1) llIaisACr was computed for the loo~tin = 1.1 (engine with cowling

with air passage).
(2) The higher vshea refer to the total area of the flaps.

.

.
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Figure 24, which contaims the Cm coefficients In functions of CpJ

further shows, besides the curves comespondtig to type 3 brake flaps
(curve a , those of the airplane with brake flap closed and slots open

1(curve b , type 1 brake flaps open (position A) end slots closed (curve c];
type lbrake flaps open, slots at 30° end 6° (curves d, e)j and type 4
brake flaps openat @o and$Kl” (curvesf mdg).

Naturally, these values are subject to modification in the case of
the real airplene, aa the model had been tested without functiomlng of the
propellers.

With the object of determining the value of the nondimensional
coefficients CV of the htige moments, a test was made on a wing root
or stub of 1:5 scele, fitted with end plates, set at 3° incidence, at
60 m/s airspeed in tunnel No. 2 of 2m (effective Reynolds number of
2,&OjOOO) by bolting a steel barnrldway of each flap ei’terremoving the
support straps and appl@ng a loeiiat the other end to balmce the bralm
h the various positions of openhg. The losd was applied on a scale
pan located outside of the test chsmber and connected by means of a very
fine wire to the end of the bar.

The test was mede on the type 3 bralm flaps without holes, in position C,
and on type 4. me results shown in figures 25 end 26 have been referzwd to
the value of the mean chord A (X = O .046) of the brake flap end its area
s (0.02025 #). It will be noted that the curves, not much different for
both the upper-and lower-surface flaps, show a maximum value of CV = O.7
at the (p= 20° opening emd an averege mil.ueof CV = 0.55 at openings

T= 3° to 90° (type 3 flaps, fig. 25); a CM velue increasing to 0.45
from OO to 35° and an average of CV = 0.45 up to q = mo.

B. AERODYNAIIICTIK?l?SONAl@DEL STUB W13W2WITEVXNTRAL BRMIZl!%AP

Dimensions end Construction

The 1:2-scale model was tested at 40 m/2 .x&speed. Its general
chmactetistics (fig. 27) were as follows:

span L . lo&32 m

Chord ~= 0.930 m

Area s = 1.675 n?

The brake flap, %mnted on the upper surface with the hinges corresponding
to 8 percent of the wing chord, hai the followhg characteristics:
height - 94 mm; length - 1~2 m; depth of slot - 16 mm; inclination
of open slot to profile chord - 67°; 10 horizontal slots of 97 x 18 mn;
clearance between axes - 177 m.

.

.

.

.
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Test Procedure

9#

?

.

.

.

The tests were run at 40 m/s airspeed.,but,
chord length, at an effective Reynolds nmber of

The

(a)

(b)

(c)

(d)

(e)

(f)

(d

The

tests, rengiqg from -18° to 6°, covered

W3ng witi,bralm flap closed %> ~s %

in view of the great
3,470,000.

the following conditions:

Wing with brake flap open end slots closed Cp> cr~ Cm

Wing with brake flap open and slots open Cp, Cr> Cm

Hinge moments of brake flap at msximum opening with slots closed

_ moments oflmxake flap at maxfmum openhg with slots open

Qualitative measurement of walm turbulence with brake flap closed

Qualitative measuremmt of wake turbulence with brake flap open
and slots open and closed

geometric aspect ratio of 1.94 was increased by the addition of
two elliptical end disks of 1540 X 710 mm~nsions (1~-mmthickness).
The virtual aspect ratio is equal to about 3.35.

Results

Figure 28 shows the three Cr curves for conditions a, b, end c,

freed from end disk drag end streeml.inewires; figure 29, the three lift
curves (conditions a, b, and c); end figure 30, the three moment
curves Cm.

The calibration for determining the parasite drag of the end disks
was effected by suspending one of the two disk secumed to two pairs of
steel wire arr~gOa in vee Shape and measuzhg the divergence of the
system from tie vertical under the action of the wind by nmans of a
telescope.

As a check on the accuracy of measurement, the wing, complete with
disks, was suspended sgadn by tie seinemethod under conditions 1; it
proved in perfect qment with tie data obtained pzwviously.

.

.
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The results are shown in the follcming table:

NACA TM NO. 1161

—

100 Crtin Wrtin 100 Cr
Conditions (a = -6o) ‘P=o ~=o

--....

a 0.36 w-.10 0.73 -10 25~ -30 10’

b 5.06 w 60 ~t 7.22 -@ 36~ -3.60 401

c 5.01 -’ 50 bt 6.&5 -170 32’ -l& 331
.

The hinge moments were meuured after bolting a steel plate to the
middle of the flap after removing the support straps and applytng a losd
at the other end so as to balance the brake h the position of mexbmxn
opening.

Figure 31 gives the nonUmensional hinge-moment coefficients CV for

the conditions b and c.

The quaUtative measurmmmts of the wake
wool tufts, with bralm flap closed (condition
slots half open and half closed (conditkms b

turbulence were made with
a) and bralm flap open and
enac)a

The results exe visible in the appended photogra~s. The open flap,
whether with slots open or closed, tows behind it em extremely turbulent
wake as far as the tra~n edge.

With the introduction of the brake flap, the minimum drag becomes
about 14 times higher, but the angle for zero lift passes from -1° 25’
-h -17o 12’ ~d -I@ 36!, respectively, for the flaps with slots open end
closed, which renders the application of the above-mentioned flap
izqmssible for fli@t in vertical.dive, since the tail.pleneis rendered
more nonlifting in the case of obstinate centering difficulty.

()dti , tiich ~ ‘ieThe gradient of the mment referred to the lift —
dCp

case of the wing without bralm flap mounts to O .233 is not exactly
definable in the case of the wing with brake flap, because of the turtuous
shape of the two curves b and c, but can be said to aversge the dbove
value.

The hinge
8 percent.

moments in condition 2 exceed those in condition 3 by a%out

.

.

.

.

.

.

●
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CONCL~IONS

*

?

.

The e~eriments perfd%med on an airplene model fitted with dorsel snd
ventral brake flaps on each semispan, near to the leading edge of the wing
(5 to 20 percent of wing chord) ~ow an irregular veriation of the lift
curve which~ as reflected h the longitudinal mxuent curve, endangers
the stebiltty of the airplene. This drawback was remored by the use of 1

perforated flaps. ,

It was found mm% convenient from the aerodynamic point of view to
use both holes and slots, as the ratio 100 A Cr to ftLU (or solid) area

of flaps~ shifting for the case h ~oint from 2.12 to 1.~ j presents an
ticrement of 17 percent.

It waE therefore found impossible to utilize bralm flaps witiout
opetigs, as it mpy result in a worsening of the * characteristics~
since the opening is in a zone in which the boundery layer is leminar.

The exper~nts on the stub wing fitted with ventral bralm flap
(located 8 percent of w- chofi) indicate that the zero ltft @e is
displaced fra -1° 251 to -170 DO a -180 361 for brake flaps witi
slots open or closed, which @lies a strong negative lift in a vertical
dive, if not persistent difficulty of balancing.

.. “
Translated by J. Venier
National Advisory Committee
for Aeronautics

.
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Scale 1:4 of model
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position A

Scale 1:2 of model
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Scale 1:4of model
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\ Scale 1:2 ofmodel SA ii ,
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Figure 2.- Brake flaps,type 2.
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Scale 1:4 ofmodel
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Figure 3.- Brake flaps,type 3,
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Figure 4.- Brake flaps,type 4.
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CP
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0.1

0
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Figure 6.- Brake flaps, type 1 - 90~ open.
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F@ure 7.- Brakeflaps,type1- %3°open -flap30°open.
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Fi?Jme9.- Brake flaps, type 1.
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Figure 10. - Brake flaps, types 2 and 3-90° open - lift.
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Figure11.- Brakeflaps,types2 and 3- !33°open -drag.
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